Abstract: Cardiac contusions (contusio cordis) usually appear in penetrating thoracic trauma or high energy blunt trauma and only rarely in thoracic blunt trauma in homicidal context. The diagnosis could be easy if a traumatic context is/can be proven; if not the differential diagnosis with myocardial infarction, other causes of cardiac hemorrhages or post resuscitation cardiac trauma can be very difficult, as there are no specific tests for contusio cordis. We describe in this article a case of contusio cordis in a 31 year old male, caused by thoracic blunt trauma (hit with a wooden object) and discuss some particularities of this illness and its differential diagnosis.
Sometimes right derivations are needed (RV is more often involved in thoracic blunt trauma) negative predictive value of 80-90% [26] 
Echography
Wall motion abnormality (TTE, TEE) Pericardium effusion (TEE) Increased echo brightness (TTE,TEE) Increased end diastolic wall thickness of the contused myocardial area (TTE, TEE) Acute valvular dysfunction [27] Cardiac specific (except for troponin C); can diagnose a cardiac lesion but cannot differentiate between cardiac contusion and acute myocardial infarction. Table 1 . Clinical diagnosis of cardiac contusions (TTE = trans-thoracic echography, TEE = trans-esophageal echography, Sb = sensitivity, Sp = specificity, PPV = positive predictive value, NPV = negative predictive value Case report A 31 year old male was hit by a neighbour during a fight ,with an elongated, wooden object. A few seconds after the fight, he felt sick and immediately lost his consciousness. At the scene the ambulance workers (which arrived in about five minutes) found the victim unconsciouss, with a weak, irregular pulse, and a BP of 80/40 mmHg. It was taken to the county hospital where he arrived with GCS 4 coma and hemopericardium was suspected after 3 hours of hospitalization. In the hospital he suffered a cardiac arrest (successfully defibrillated) and his hemopericardium was drained before being sent to Bucharest Clinical Emergency Hospital, with a preliminary diagnosis hypoxic encephalopathy. In BCEH he was found to have clinical and laboratory signs of acute ischemic damage in multiple organs -brain, kidneys, liver, heart (Table 3) .
Criteria

Commotio Cordis Contusio Cordis Hemorrhages or other pathological findings
Absent Present
Impact site
Heart projection Presternal Energy Low; lesion severity is independent on the impact force High; lesional severity is dependent on the impact force Thoracic structure Elastic (most cases occur in children with deformable thoracic cage)
Not dependent
Association with cardiac cycle Dependent, the hit must occur within the 15 ms repolarization period (immediately before T wave)
Independent
Timing of the arrhythmic event
Immediately after the traumatic event Immediately after or with the presence of a free interval (sec-hours)
Arrhythmic trigger
Premature beat induced by mechanical stretch Electrical silent areas favoring reentrant mechanisms As personal history and clinical signs suggested a cardiac trauma the heart was extensively studied: at admission he had high values for troponin, myoglobin, and creatin-kinase (see Table 3 ), which, associated with abnormal ECG findings (ST depression in inferior left areas), external examination (transversal bruise over the anterior thoracic cage at C4-C5 levels) and CT scans were highly suggestive for cardiac trauma. Cardiac ultrasonography couldn't find structural or functional abnornalities (except for the initial pericardial bleeding) until day four when diffuse wall movement abnormalities (left ventricle and interventricular septum) and decreased heart pump function (Ef = 35%) were diagnosed. He died four days later.
External examination during the autopsy found numerous external bruises and ecchymoses whose shape suggested that he was beaten with an elongated, rough object ( Figure 4) ; of a special interest was a horizontal bruise in the anterior thoracic area, between levels C4 and C5 (Figure 3) .
Corresponding, a horizontal sternum fracture was found during internal examination. The heart had nine hemorrhagic areas, most of them on the direction of the force: RV-anteroseptal, at the base of a papillary muscle, anterior wall near the apex and LV -anteroseptal, diaphragmatic side near the apex, anterior-inferior near the apex, inferior wall near the mitral valve, arterial cone (Figures 6, 7) . A small arterial wall rupture was found on the first diagonal from left descending coronary artery ( Figure  8 ).
Pathology investigation
Material and methods
Tissue samples of brain, lung, heart, liver and kidney were taken for histopathology investigation. For further detailed study, 11 samples of myocardial tissue from different areas of the heart were taken as follows: anterior wall of the left ventricle, inferior wall (paraseptal superior, apical and basal), the apex, the left edge of the left ventricle, lateral papillary muscle, the interventricular septum, anterior wall of the right ventricle, the apex of the right ventricle and the diagonal branch of the left anterior descendent artery (6 sections).
The selected specimens were formalin-fixed and paraffin-embedded. 
Results
The microscopic assessment of the serial sections from the diagonal branch of the left anterior descendent artery has revealed a double rupture of the wall with subsequent hemorrhage (Figure 9 ).
The classic histopathology investigation of the anterior and inferior wall of the left ventricle, together with the lateral papillary muscle and the interventricular septum has shown interstitial, perivascular and perifibrilar hemorrhagic microfoci, associated with necrotic cardiomyocytic areas ( Figure 10 ). Also, it was noticed interstitial micro-hemorrhages in the anterior wall and the apex of the right ventricle ( Figure 11) .
The myocytic necrosis of the anterior wall of the left ventricle was observed better with Lie stain as small fuchsinophilic areas. PTAH stain showed the absence of the periodic structure of the myofibrils and focal homogeneity of the cardiomyocytes. Large areas of cardiomyocytic necrosis were also visible with Masson's trichrome. The histochemistry of the damaged myocardium is shown in Figure 12 .
The aforementioned data were sustained by the immunohistochemical reaction for myoglobin, which was focally negative in necrotic cardiomyocytes, but positive in rezidual perilesional cardiomyocytes (intern control) and for troponin, which was negative in large area of cardiomyocytic necrosis, but difuselly positive in residual cardiomyocytes (intern control) (Figure 13 and 14) .
These results were compatible with a myocardial contusion of mixt type (necrotic and hemorrhagic), secondary to a blunt trauma of the chest. The cause of death in this case seems to be a cardiac contusion which led to cardiac pump deficiency associated with cerebral hypoperfusion, hypoxic encephalopathy and MSOF.
Discussions
Depending on the impact velocity and the elasticity of the anterior-posterior diameter of the thoracic cage, this increased intrathoracic pressure could involve the heart in different degrees, with or without lesions, leading to commotio cordis or heart failure due to myocardial rupture. Cardiac contusions are usually due to acute heart elastic compression between sternum and spine secondary to an increased intrathoracic pressure. Other potentially involved mechanisms are: (1) direct injury from a fractured sternum [4] , (2) "water hammer effect" -an abrupt increase in blood pressure within the cardiac chambers after chest/abdominal compression/crushing which can lead to heart distension, shearing or rupture [5] .
There are seven types of forces able to determine cardiac contusions [6] : direct, indirect, bidirectional (compressive), decelerative, blast, concussive and combined, of which three are primary (direct, indirect, blast) and the other are secondary [7] . Usually lesions which are found on the direction of the force are produced by direct mechanisms and are more severe than the lesions produced by the "water hammer effect", the latter being usually found in perivascular areas; this topography is respected by our case in which the most severe lesions, with bigger contusive areas and necrosis, are found on a straight line (on the direction of the force); we've also found a few other contusions, less severe, without necrosis, which are not located on the abovementioned line.
Major causes for cardiac contusions are falls, traffic accidents (especially in drivers not wearing a seat-belt and in motorcycle accidents), fist blows, kicks, crushing, explosions, etc. [8] Cardiac contusion due to blunt trauma in homicidal context has only been cited several times in the scientific literature [5, [9] [10] [11] [12] [13] [14] [15] , usually being associated with penetrating thoracic trauma.
Due to its position the right heart is more susceptible to myocardial contusions [6, 16] . For example, in a study made on 546 autopsy cases with cardiac lesions due to thoracic blunt trauma, right heart ruptures were present in 16% whilst left heart ruptures were only present in 13% of the cases [6] . In a recent study published by Turan [17] in 109 autopsies cases with cardiac lesions were noted 115 right heart lesions (49 atrial and 66 ventricular) and only 96 left heart lesions (35 atrial and 61 ventricular).Valve contusive lesions though are more frequent on left valves although tricuspid valve involvement had been cited [6, 18] . Our case fits this pattern with cardiac contusive areas corresponding to the area where the sternum was fractured. As frequent associated lesions are cited intra-pericardial bleedings and arterial lesions, especially within the LAD's branches, lesions present in our case also.
Main complications of isolated cardiac contusions are acute cardiac insufficiency and arrhythmias. Acute cardiac insufficiency is determined to the ill-function of heart muscle pump, by a mechanism similar to the one associated with myocardial infarction.. A study on rabbit hearts [19] revealed that arrhythmogenesis occurs usually within the first 15 minutes after trauma, is usually due to reentrant mechanisms and its intensity is proportionate with the kinetic energy.
The fact that arrhythmic events can occur to a later time is very useful for making the differential diagnosis with commotio cordis, where they are always appearing immediately after trauma. In order for a trauma to determine VF with subsequent commotio cordis the impact area must be over the center of the left ventricle, timed within the 20 ms window occurring before the T wave peak (representing about 4% of the cardiac cycle at a heart rate of 120 bpm), not preceded by other arrhythmic abnormalities (ischemic T changes, conduction abnormalities, ventricular tachycardia, etc), impact area shouldn't be very large (most cited cases were associated with baseball-sized impact areas) and the force shouldn't be extremely powerful (as they can lead to associated morphological abnormalities) [20] [21] . See also Table 3 .
Cardiac contusion morphology is similar to that found in acute myocardial infarction, but usually the hemorrhage is more prominent and the affected area is better individualized. Microscopically cardiac contusion associates contraction band necrosis, segmentation of the myocardial cells, the presence of bundles of contracted myocardium alternating with bundles of distended myocardium, widening of the intercalated discs, granular disruption of the myocites, local and far away foci of perivascular hemorrhage, myofibril eosinophilia, sacomeres and nuclei elongation, troponin I, C and myoglobin depletion [22] . Troponins are very sensible markers for myocardial lesions but they cannot be used in identifying the cause of myocardial damage. Some authors suggested troponin C to have a higher specificity for cardiac contusion [23] , but an agreement hasn't yet been reached [24] . The most sensible in identifying myocardial damage associated with contusio cordis seems to be however troponin I [24] . Troponin value for identifying myocardial lesions is, however, dependent on autolysis time, only being reliable up until 40 hours after death; after 50 hours troponin depletions is also present in control cases.
As our case was resuscitated we had to make a differential diagnosis with post CPR cardiac lesions. Sometimes cardiac contusions may appear after cardiopulmonary resuscitation, although their incidence is very low. In a study made by Krisher et co [25] on 709 autopsies of resuscitated patients about 10% had cardiac complications (72 cases) from which only nine had myocardial contusions. It has been suggested that severe post CPR cardiac complications usually appear in hearts with preexisting ischemic pathologies. [9] Spatial correspondence of thoracic lesions and the absence of other specific post CPR lesions lead us to conclude that contusio cordis was indeed associated with the initial traumatic event.
Other possible differential diagnoses include (after Stephan Seidl):
-Catecholamine excess -similar electrocardiographic changes and cardiac degeneration. -Traumatic head injuries, intracranial bleedings (either traumatic or non-traumatic) can produce cardiac arrhythmias, cardiac insufficiency, heart block and/or myocardial necrosis -Shock -cardiac degeneration probably associated with the initial cause and/or catecholamine discharges. -Substance abuse associated with sympathetic hyperactivity (cocaine, amphetamines, acetaminophen, etc) -can lead to cardiac arrhythmias and myocardial necrosis -Acute arsenic poisoning -can lead to severe subendocardial hemorrhages [1] (raised bloodfilled blisters under the endocardium. -Viper bites -myocardial hemorrhages determined by intravascular disseminated coagulation. -Infective causes: viral (influenza, echo, etc.), bacterial (E. coli) -High-acceleration (8-9 G) -airplane crash, rocket pilots, etc.; cardiac hemorrhages incidence is directly correlated with the level and duration of the exposure, heart rate and catecholamine activity.
Therefore, not any myocardial hemorrhage found in a traumatic context can be diagnosed as myocardial contusion, additional data being needed for a correct diagnosis. In order for us to diagnose it, we had the following information: the proof of a traumatic event (witnesses), the traumatic object, tegumentary traumatic mark, a fractured sternum corresponding to the tegumentary traumatic mark, cardiac hemorrhages, most of them being on a the direction of the traumatic force, positive biochemistry, EKG, pathology and immunohistochemistry, and a rupture on a diagonal artery from LAD, a positive traumatic marker, also found by other studies to be associated with cardiac contusions.
Another particularity of this case is that the patient was successfully defibrillated and returned to normal sinus rhythm only after the development of hypoxic encephalopathy and, subsequent, multiple hypoxic organ dysfunctions.
Cardiac trauma wasn't so extended to be able led to another life threatening arrhythmic events after the initial defibrillation; in the first three days cardiac echography was normal and the only cardiac anomalies were slightly modified ECG patterns (probably associated with the arterial wall rupture of the first LAD diagonal, as they have spatial correspondence), a small intra-pericardial bleeding and elevated cardiac enzymes (Table 4) . On the day he died however more severe cardiac lesions were noted with cardiac echography (wall motion abnormalities, decreased ejection fraction), but these lesions were, more probably, terminal events in MOSF. Therefore if the cardiac lesions weren't associated with the development of multi organ system failure the chances of survival would probably have been much higher.
